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-Introduction
The barotropic FRW cosmologies obey the following set of differential equations:
where a is the scale factor of the universe, ρ and p are the energy density and the pressure, respectively, of the perfect fluid of which a classical universe is usually assumed to be made of, κ = 0, ±1 is the curvature index of the flat, closed, open universe, respectively, and γ is the constant adiabatic index of the cosmological fluid. Recently, Faraoni, 1 proposed the "Riccati route" of solving the system of eqs.
(1)-(3) and Rosu used Faraoni's approach to introduce a supersymmetric class of cosmological fluids possessing time-dependent adiabatic indices.
2 It was claimed that these fluids can provide a simple explanation for a currently accelerating universe.
3
In this work, we review the supersymmetric factorization methods for barotropic FRW cosmologies in section 2. Next, in section 3, we present Dirac-like (firstorder) coupled differential equations and their associated second-order differential equations and discuss them in a formal way.
-Supersymmetric methods
Combining the equations (1)-(3) and using the conformal time variable η defined by dt = a(η)dη one gets the equation
where c = 
Employing now u = and also in factorized form using Eq. (6) one gets
To fix the ideas, we shall call Eq. (8) the bosonic equation. On the other hand, the supersymmetric partner (or fermionic) equation of Eq. (8) will be
for the supersymmetric partner adiabatic index. The solutions w f are w f = c cos (cη+d) and w f = c sinh(cη) for κ = 1 and κ = −1, respectively.
Introducing the quantum momentum operator P η = −iD η we can write the fermionic equations as follows
whereas the bosonic case is
There is a more general factorization of the bosonic equation,
which is given in terms of the general Riccati solution u g (η)
and yields the one-parameter family of adiabatic indices c κ (η; λ)
where I κ (η) = η 0 w 2 κ (y) dy, if we think of a half line problem for which λ is a positive integration constant thereby considered as a free parameter of the method.. All c κ (η; λ) have the same supersymmetric partner index c κ,susy (η) obtained by deleting the zero mode solution w κ . They may be considered as intermediates between the initial constant index κc and the supersymmetric partner index c κ,susy (η). From Eq. (12) one can infer the new parametric 'zero mode' solutions of the universe for the family of barotropic indices c κ (η; λ) as follows
3 -Dirac-like formalism The Dirac equation in the susy nonrelativistic formalism has been discussed by Cooper et al, 5 already in 1988. They showed that the Dirac equation with a Lorentz scalar potential is associated with a susy pair of Schroedinger Hamiltonians. This result has been used later by many other authors. Here we make an application to barotropic FRW cosmologies that we find not to be a trivial exercise except for the uncoupled 'zero-mass' case (subsection 3.1). 
where W = w 1 w 2 is a two component 'zero-mass' spinor. This is equivalent to the following decoupled equations
Solving these equations one gets w 1 ∝ 1/ cos(cη) and w 2 ∝ cos(cη) for κ = 1 cosmologies and w 1 ∝ 1/sinh(cη) and w 2 ∝ sinh(cη) for κ = −1 cosmologies. Thus, we obtain
This shows that the matrix 'zero-mass' Dirac equation is equivalent to the two Schroedinger equations for the bosonic and fermionic components.
3.2-Consider now a "massive" Dirac equation
where K may be considered the mass parameter of the Dirac spinor. Eq. (19) is equivalent to the following system of coupled equations
These two coupled first-order equations are equivalent to the following second order equations for the two spinor components
where the subindex i = 1, 2. The fermionic spinor component can be found directly as solutions of 
whereas the bosonic components are solutions of 
The solutions of the bosonic equations are expressed in terms of the Gauss hypergeometric functions 2 F 1 in the variables y = e icη and y = e cη , respectively
and w
respectively. The parameters are the following:
2 , whereas A, B, C, D are superposition constants. It is not necessary to try to find the general fermionic solutions through the analysis of their differential equations (23) and (24) because they are related in a known way to the bosonic solutions. 6 The general fermionic solutions can be obtained easily if one argues that the particular fermionic zero mode is the inverse of a particular bosonic zero mode and constructing the other independent zero mode solution as in textbooks. Thus
where k is an arbitrary constant.
3.3
The most general case in this scheme is to consider the following matrix Dirac-like equation i 0 −i i 0 P η + 0 1 1 0
Proceeding as in 3.2 one finds the coupled system of first-order differential equations P η + icu g + K 2 w 2 = K 1 w 1 (31)
